Psychological aptitude tests are carried out to help prevent railway accidents caused by human error in train operation. These tests contribute to securing safety by evaluating staff members' liability to human error and identifying those who are prone to error. Human error is defined as an action that brings about a bad result contrary to one's intention, and excludes intentional violation, a lack of knowledge or skill, and loss of consciousness as a result of illness or falling asleep.
A new aptitude test that is highly suitable for securing currently required levels of safety is expected to contribute to the establishment of a safer railway environment. New aptitude test items were proposed through a method involving an error simulation experiment [1] . Twenty tests were studied, consisting of the nine current tests, six tests developed by other companies, and five new tests developed by the authors of reference [1] . From a hearing survey of railway company experts, errors likely to occur in the future were identified and classified into six patterns: (1) habitual error resulting from distraction of attention, (2) habitual error resulting from saturation of attention, (3) efficiency-first error resulting from distraction of attention, (4) efficiency-first error resulting from saturation of attention, (5) prospective memory error resulting from distraction of attention, and (6) prospective memory error resulting from saturation of attention. Six error simulation experiments corresponding to each of these error patterns were executed using a PC. Six experiments and 20 tests were carried out on 79 participants, and the correlation coefficient between the generation tendency of each error and the test results was calculated. Consequently, the task performance test that forms the main part of the current test was correlated with three experiments; the complex coordination test, the multiplex selective reaction test and the attention capacity test were found to be more strongly correlated in more of the experiments.
The validity of aptitude testing has been shown through analysis of the correspondence between test results and staff members' history of causing accidents (referred to below as accident experience). This paper describes the validity of new tests through analysis of the correspondence between test results and accident experience, and also outlines the new set of psychological aptitude tests. This test measures the distribution power of attention, the speed of operation and the composure of the participant. The subject is asked to indicate the horizontal direction of arrows moving from the top to the bottom of a PC screen with good timing using two left buttons for arrows on the left half of the screen and two right buttons for those on the right half. Tests were executed in a meeting room at each company. They were carried out by the authors on the first day and by officials of each company on and after the second day. The order of the test items was not fixed.
2.4 Collection of data for the current tests 2.4 Collection of data for the current tests 2.4 Collection of data for the current tests 2.4 Collection of data for the current tests 2.4 Collection of data for the current tests
We collected information on the participants' sex, age, occupation and the results of four current tests to which they were subjected in the past. The task performance test is the main test for measuring the task performance characteristics (stability, rapidness, accuracy, etc.) of the participant. The intelligence test is to measure intellectual abilities such as perception, reasoning, memory and computational capability. The attention distribution test is for measuring abilities related to distributing and maintaining attention. The choice reaction test is for train drivers only, and measures the rapidness and accuracy of choice reaction to stimuli.
2.5 Collection of accident data 2.5 Collection of accident data 2.5 Collection of accident data 2.5 Collection of accident data 2.5 Collection of accident data We collected information on whether participants had caused railway operation accidents or transport disorder through human error within the past six years. Railway operation accidents and transport disorder are referred to below as accidents. We divided the participants into three groups of high, middle and low rank according to the test results to create an almost equal number of members in each category. The accident index of each group was calculated using (1) .
where ax = the number of people in group x who had caused accidents, a = the total number of people who had caused accidents, nx = the number of people in group x, and n = the total number of people.
If a test is valid, the accident index should increase gradually with declining test results. This relationship is referred to here as a sequence, and the study included sequence confirmation. and no-accident groups and no-accident groups and no-accident groups and no-accident groups and no-accident groups We compared the average test score of the accident group with that of the no-accident group, and carried out a test for statistical significance. The multiplex selective reaction test was judged by the number of correct answers, and three rank groups were formed according to this number. The accident indexes of the groups of high, middle and low numbers were 86, 94 and 120 respectively as shown in Table 1 , representing an identifiable sequence. The difference in the accident indexes of the three groups was found to be significant by the chi-square test.
The same analysis was performed limiting the participants to those who took the choice reaction test. The accident indexes of the groups with high, middle and low T T T T Table 1 numbers of correct answers were 82, 89 and 136 respectively as shown in Table 1 , which also represented an identifiable sequence. The difference in the accident indexes of the three groups was also found to be significant by the chi-square test.
In both the case with limited participants and that with all participants, the average number of correct answers for the accident group was smaller than that of the no-accident group, and the difference was found to be significant by the t-test as shown in Table 2 .
The interruption control test is judged by the number of correct answers in the third stage of the test, and three rank groups were formed according to this number. The accident indexes of the groups with high, middle and low numbers of correct answers were 76, 110 and 114 respectively as shown in Table 3 , representing an identifiable sequence. The difference in the accident indexes of the three groups was found to be significant by the chisquare test.
The average number of correct answers in the accident group was smaller than that of the no-accident group, and the difference was found to be significant by the ttest as shown in The attention capacity test is judged by the number of correct answers, and three rank groups were formed according to this number. The accident indexes of the groups with high, middle and low numbers of correct answers were 92, 111 and 95 respectively as shown in Table  5 , and no sequence was identified. The difference in the accident indexes of the three groups was not found to be significant by the chi-square test.
The average number of correct answers in the accident group was smaller than that of the no-accident group, but the difference was not found to be significant by the t-test as shown in Table 6 . T T T T Table able able  able able 2  2 The complex coordination test (PC version) is judged by the number of incorrect answers, and three rank groups were formed using this number. The accident indexes of the groups with high, middle and low numbers of incorrect answers were 83, 113 and 104 respectively as shown in Table 7 , and no sequence was identified. The difference in the accident indexes of the three groups was not found to be significant by the chi-square test. T T T T Table able The average number of incorrect answers in the accident group was smaller than that in the no-accident group, but the difference was not found to be significant by the t-test as shown in Table 8 .
(5) T (5) T (5) T (5) T (5) Task performance test ask performance test ask performance test ask performance test ask performance test
The task performance test is judged by a curve determined by two factors: one is the aspect of change in the work amount, and the other is the total work amount. In order to simplify the analysis, only the data belonging to the group with the same amount of work was analyzed (N=1,321).
Since the curve cannot be averaged numerically, two other test scores were also used. One was the profile fluctuation value (pf value) corresponding to the aspect of change in the work amount, and the other was the average amount of work per minute.
The test results were ranked into high, middle and low groups according to the curve. The accident indexes of the groups with high, middle and low rank were 92, 98 and 106 respectively as shown in Table 9 , representing an identifiable sequence. The difference in the accident indexes of the three groups was not found to be significant by the chi-square test.
When three groups were formed using the pf value and the average work amount, the accident index of the middle-rank group was the highest as shown in Table 9 .
It was found to be significant in terms of pf value but not significant in terms of the average work amount by the chi-square test.
The average pf value of the accident group was larger than that of the no-accident group, and the average work amount of the accident group was smaller than that of the no-accident group as shown in Table 10 . Each difference in the above comparisons was found to be significant by the t-test. The intelligence test has two subordinate tests; one is a perception and discrimination test (group one), and the other is an inference and judgment test (group two). The intelligence test is judged from the T-score (or deviation score) of the whole test, but has two T-scores from the subordinate tests. We used these three T-scores to judge the test.
The results were ranked into high, middle and low groups according to the T-score. The accident indexes of the groups with high, middle and low T-score ranks were 84 and 96, 120 respectively as shown in Table 11 , representing an identifiable sequence. The difference in the accident indexes of the three groups was not found to be significant by the chi-square test.
The accident indexes of the high, middle and low Tscore rank groups in group one were 77, 111 and 114 respectively as shown in Table 11 , representing an identifiable sequence. The difference in the accident indexes of the three groups was found to be significant by the chisquare test.
The accident indexes of the high, middle and low Tscore rank groups in group two were 90, 103 and 106 respectively as shown in Table 11 , representing an identifiable sequence. The difference in the accident indexes of the three groups was not found to be significant by the T T T T Table able Whole group  188  634  499  1,321  399  399  400  1,198  437  435  438  1,310   Accident group  31  112  95  238  52  79  75  206  73  84  81  238   Accident index  92  98  106  100  76  115  109  100  92  106  102  100 * : p ＜ .05 T T T T chi-square test. The average T-scores for the whole group, group one and group two of the accident group were smaller than those of the no-accident group as shown in Table 12 . The difference between the whole group and group one was found to be significant by the t-test, while that between the whole group and group two was not. The choice reaction test is judged from the number of correct or incorrect answers. Test results were ranked into three groups according to each of these two numbers. The accident indexes of the high-, middle-and lowrank groups classified using these criteria were 93, 102 and 105 respectively as shown in Table 15 , representing an identifiable sequence. The difference in the accident indexes of the three groups was not found to be significant by the chi-square test. The accident indexes of the high-, middle-and low-rank groups according to the number of incorrect answers were 81, 82 and 136 respectively, representing an identifiable sequence. The difference in the accident indexes of the three groups was found to be significant by the chi-square test.
The average number of correct answers in the accident group was smaller than that of the no-accident group, but the difference was not found to be significant by the t-test as shown in Table 16 . The average number of incorrect answers in the accident group was higher than that of the no-accident group, and the difference was found to be significant by the t-test as shown in Table 16 . The multiplex selective reaction test, interruption control test and choice reaction test exhibited significant differences in all comparisons, and were considered to correspond strongly to accident experience. The task performance test and intelligence test demonstrated significant differences in some comparisons, and were also considered to correspond to accident experience, albeit to a lesser extent. The attention capacity test, complex coordination test (PC version) and attention distribution test showed no significant differences in any comparison, and were considered not to correspond to accident experience.
A new set of tests needs to be chosen from among the ones investigated here that displayed correspondence to accident experience. Since the multiplex selective reaction test and the choice reaction test are similar, the better of the two should be chosen for the new test set. However, these results do not enable judgment of which one is superior, and this is discussed in the next chapter.
In regard to the intelligence test, group one's T-score bore a more stable relationship to accident experience than the overall T-score. We therefore recommend adopting group one's T-score for the intelligence test.
3. General discussion 3. General discussion 3. General discussion 3. General discussion 3. General discussion
In this chapter, we discuss a new set of aptitude tests based on the results of this report and others.
Tests should be comprehensively evaluated using two analysis methods; one is a method involving analysis of the correspondence between the test results and accident experience, and the other is a method based on analyzing the correspondence between the test results and error simulation experiments [1] . Since the analysis of correspondence between the test results and accident experience is based on the actual performance of workers, the validity of the test can be evaluated more directly. However, this method has a number of weak points stemming from aspects that make the analysis difficult; one is data distortion, demonstrated by the fact that nobody scored low results in the current tests, and another aspect is the T T T T (7) Attention distribution test (7) Attention distribution test (7) Attention distribution test (7) Attention distribution test (7) Attention distribution test The attention distribution test is judged from the time required to finish it. The test results were ranked into three groups in line with the required time. The accident indexes of the groups of high, middle and low rank for the required time were 95, 92 and 112 respectively as shown in Table 13 , and no sequence was identified. The difference in the accident indexes of the three groups was not found to be significant by the chi-square test.
The average time of the accident group was longer than that of the no-accident group, but the difference was not found to be significant by the t-test as shown in Table 14. uncertainty of accident occurrence, as accidents happen as a result of numerous factors in addition to the traits of the person concerned. On the other hand, the error simulation experiment method has the advantage of enabling the checking of people who are not working in the company because of low results in the current test, since the error simulation experiment allows ordinary people to participate. However, this method also has a weak point in that it remains uncertain whether error simulation experiments accurately represent errors in actual work.
We were able to confirm the validity of the task performance test from the accident experience method and the error simulation experiment method. Accordingly, we recommend adopting it for the new set of tests as well as the current set.
The multiplex selective reaction test and choice reaction test also showed a good level of validity from the accident experience method. In the error simulation experiment method, the multiplex selective reaction test showed a stronger correlation with the experiments than the choice reaction test. Furthermore, when correspondence with the evaluation results in unusual situation training was analyzed, correspondence was found in the multiplex selective reaction test but not in the choice reaction test [2] . From this outcome, the multiplex selective reaction test can be estimated as being superior to the choice reaction test. Accordingly, we recommend adopting the multiplex selective reaction test for the new set of tests as opposed to the choice reaction test.
We were able to confirm the validity of the interruption control test from the accident experience method. In the error simulation experiment method, the test before improvement of the test time corresponded to two error simulation experiments. Accordingly, we recommend adopting the interruption control test for the new set of tests.
For the intelligence test, only the T-score of the whole group was checked, and was found to correspond to only one error simulation experiment. We were able to confirm the validity of group one's T-score but not that of group two from the accident experience method. Accordingly, we recommend adopting group one's intelligence test T-score for the new set of tests.
We were unable to confirm the validity of the attention distribution test from the accident experience method, but it corresponded to two error simulation experiments. In the data of this report, the number of people who failed this test was only one of 960; the same individual also failed the other tests in the new set. Accordingly, we do not recommend adopting this test for the new set of tests.
